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A REVISION OF OUR LOWER EOCENES.
By GEO. F. HARRIS, F.G.S.
The Lower Eocene formations of the British Isles are situated in
four different regions-I. The London basin; 2. The Hampshire
basin; 3. The Isle of Mull and the neighbouring parts of Scot-
land; and 4. The North-East of Ireland.
The principal subject of the present communication is the
London basin, which is, roughly speaking, a triangular patch of
clays, sands, and gravels, lying on the Chalk, and the edges of
which extend in a westerly direction from Pegwell Bay (near
Ramsgate) through Rochester, Croydon, Basingstoke, to Hunger-
ford; thence north-eastwards through Reading, Windsor, Wat-
ford, by Hertford and Woodbridge to the eastern part of Norfolk
by Great Yarmouth. The estuary of the Thames occupies the site
of a large portion of the beds which have been denuded by that
river and by the sea on the eastern boundary of the basin in Essex,
Suffolk, and Norfolk.
Many geologists have described portions of the area under con-
sideration, amongst the earlier of which we might mention Mr. J.
Parkinson, " Observations on Some of the Strata in the Neighbour-
hood of London and on the Fossil Remains contained in them"
(' Trans. Geol. Soc.,' I811, Ser. 1, Vol. i, p. 324); Rev. Prof. W.
Buckland, " Description of a Series of Specimens from the Plastic
Clay near Reading," &c. (' Trans, Geo!. Soc.,' 1817, Ser, 1, Vol.
iv, p. 277) ; Prof. Morris, " Observations on the Strata near Wool-
wich" (vMag'. Nat. Hist.,' Vol. viii, 1835, p. 356) ; " On the Strata
usually termed Plastic Clay" (' Proc. Geol. Soc.,' Vol. ii, 1837,
p. 551); Rev. H. M. De la Condamine," On the Tertiary Strata
and their Dislocations in the Neighbourhood of Blackheath"
(' Q. J. G. S.,' Vol. vi, 1850, p. 440); Mr. N. T. Wetherell.
The general structure of the beds between the London Clay
and the Chalk, however, in spite of the careful researches above
mentioned, was but very imperfectly understood before Professor
Prestwich took up the subject in great detail, and laid the
results of his masterly observations before the Geological
Society in the following three memoirs: Part 1. "The Base-
ment Bed of the London Clay" (' Q. J. G. S.,' Vol. vi, 1850,
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p. 252); Part II. "The Woolwich and Reading Series" *
(' Q. J. G. S.,' Vol. x, 1854, p. 75) ; Part III. "The Thanet
Sands" t (' Q. J. G. S.,' Vol. viii, 1852, p. 235). These
memoirs have been largely used in the works of subsequent ob-
servers. Sir Chas, Lyell wrote on "The Blaekheath Pebble-Bed,
and on Certain Phenomena in the Geology of the Neighbourhood
of London" (, Proe. Roy. Inst.,' Vol. i, 1852, p. 164; and
'Edin. New. Phil. JOllrn.,' Vol. liii, p. 94) ; Mr. C. Rickman on
" Fossil Remains from Tertiary 'Strata at Peckham and Dulwich "
(I Geologist,' Vol. iii, ]860, pp. 15], 211), and on "The Lower
London Tertiaries in the same Districts" (' Q. J. G. S.,' Vol.
xvii, 186], p. 6; 'Proc. Geol. Assoc.,' Vol. i, 1861, p. 106).
The next great series of works on the subject were those of Mr.
Whitaker, whose several important memoirs-" On the Western
end of the London Basin," &c. C' Q.•1.G. S.,' Vol. xviii, ]862, p.
258); "The Tertiary Beds of Kent" C' Geologist,' Vol. vii, 1864,
pp. 57, 157) ; and "On the Lower London Tertiaries of Kent"
C'Q J. G. S.,' Vol. xxii, 1866, p. 404)-culminated in the standard
work on the "Lower Eocenes of the Southern and Western Portions
of the London Basin" (' Mem. Geol. Surv.,':\: Vol. iv, Part I, 187:!).
This has been supplemented, as the north-eastern part of the basin
was worked out, by short official memoirs, largely written by Mr.
Whitaker, but also by Messrs. W. H. Dalton, F. J. Bennett, and
J. H. Blake, by which our knowledge of that portion of the area
has bcen very considerably augmented. 1'.Ir. H. M. Klaassen has
minutely described a " Section of the Lower London Tertiaries at
Park Hill, Croydon" C' Proc. Geol. Assoc.,' Vol. viii, 1883, p. 226),
and Mr. E. T. Newton has added an appendix on a new species of
Perna, and on C01'Yphodon remains from the Woolwich beds in
the same section (ibid., pp. 248, 250). Numerous other valuable
papers will be found in our Proceedings. Mr. Starkie Gardner
has written "On a Revision of the British Eocenes" (' Geol.
Mag.,' Dec. II, Vol. ix, 18tl2, p. 4(6) ; "On the Section between
• "Wilh a Description of New Species of Shells,' bv Prof. Morr-is, p.
157; 'Noles 011 tbe Entomostracu,' by Prof. T. Rupert .Iones, p, 160; and
A Note on the Fossil Plants from Reading,' by Dr. J. D. Hooker, p. 163.
t 'With a Description of Fossil Shells from the Lower Thane! Sands,'
by Prof. Morris.
:j: Complete lists of references up lo dale will be found in this work.
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Herne Bay and Reculvers" (' Q. J. G. S.,' 1883, pp. 197-210),
and other memoirs.
Before attempting to give the views of the various authors re-
ferred to, let us get some idea of what the beds are like. We will
commence by generalizing those in the western part of the area,
working thence eastwards.
We find in the neighbourhood of Hungerford and Reading a
very variable series of beds lying between a massive argillaceous
deposit, known as the London Clay, and the Chalk. After ex-
amining a large number of sections in them, a sort of general
sequence is made out, which may be indicated in the following
manner:-
West of the London Basin.
1. Thick mass of clay (London Clay).
2. Shingles, sands, and clays.
3. Mottled clays and sands.
4. Shingles, sands, and clays.
5. Chalk.
No description can be drawn up which shall be applicable, even
in a general sense, to all the sections in which beds 2 and 4 are
seen. Sometimes a pebble bed underlies the Loudon Clay, at the
base of which is a series of more or less pure sands and clays, this
being followed by mottled clay j whilst at others the pebble-bed
is absent and a thick mass of sand occurs in its place. The mottled
clay itself is by no means a massive sheet of clay of a certain thick-
ness. It often does occur as a thick bed of clay of a red, green,
and yellow mottled appearance; but it is just as often cut up by
seams of sand j whilst occasionally, as in the railway cutting at
Reading, it is in lenticular patches. Moreover, it is often found
resting unevenly on the sands and shingle below, and now and
then approaches to within six or seven feet of the Chalk. The
sequence alluded to holds tolerably ,vell until the neighbourhood of
Epsom is reached, when bed 4 develops a thick mass of sand at its
base. In this region also and to the south-westward a bluish-black
clay makes its appearance above the mottled clay; but things do
not begin to get very clear until Croydon is reached. We then
find that the incoming of other beds renders the general sequence
of the beds in the western part of the basin unrecognizable in
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this district. A new order obtains, which might be thus ex-
pressed :-
Croydon District. '*
1. Thick mass of clay (London Clay).
2. Thick sand laminated in parts.
3. Very thick pebble- bed, with shell bed at the base.
4. Blue clays full of shells, mostly broken.
5. Mottled clay.
6. Clayey sand with pebbles, especially at the base.
7. Very thick sands.
8. Chalk.
These divisions hold good until we near Lewisham, We there
find that the pebble-bed (J) has dwindled away to six inches in
thickness, and that bed 2 has become more laminated, having thin
clay partings thronghout. Bed 4 becomes veI'y much sub-divided,
having sand and lend-coloured clay with lignite in its npper part.
The mottled clay (5) requires the eye of faith to detect it in its
proper place. Bed (j has developed an enormous mass of shingle,
rather sandy and argillaceous at its base.
Woolwich District.-On reaching Charlton the relation of the
London Clay to the thick laminated sand (bed 2) is not very clear,
by reason of the absence of a good section of the junction. But
we find a very thick pebble -bcd, which probably corresponds with
bed 3, in the Croydon district, resting unevenly on a bed of sand
which lies on the blue clays (bed 4). The mottled clay, as at
Lewisham, is indistinctly represented.
On Blackheath a very thick pebble-bed is found; but, so far as
I am aware, no fossils have been found in it at that place. It is
much to be desired that the exact position of this pebble-bed
should be ascertained with reference to the other beds in the dis-
trict. It is generally stated that its horizon is immediately under
the basement bed of the London Clay, and that it occasionally eats
its way through the blue clays (hed 4), and lies nnconformably to
the beds beneath, examples being cited from Greenwich, Abbey
Wood, Sundridge tunnel, &c. At Bostal Heath, Hear Plumstead,
* See Klaassen, 'P1'OC. GeuJ. Assoc.,' Vol, viii, ISS3, p. 24S, fur details.
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there can be no doubt that a pebble-bed is found on the side of
the hill, resting on bed 6. The same might be said with regard
to it at other places between Plumstead and Erith. When we
arrive at the latter place we find that the succession of the beds is
the same as at Charlton. The mottled clay is more pronounced,
but bed 6 is not so well shown. It is mostly a sandy pebble-bed.
Upnor District.s-sX; Upnor, near Rochester, there are good
exposures from tbe London Clay to the middle of the Tbanet beds,
whilst the Chalk may be seen a short distance to tbe south of the
largest sections. The whole of the beds dip at a low angle to the
northwards. Their sequence is somewhat different from that at
Erith, or, rather, the characters of some of the beds are changed.
We may indicate it by the following :-
Upnor District.
1. Thick massive London Clay, with pebbles at the base.
2. Light buff sand, with scattered pebbles.
3. Bed of well-rounded pebbles, with shells.
3a.Thick sandy bed, with bands of clay in places.
4. Blue clays, with broken shells and very thin streaks of sand.
r
a. Laminated sand and clay.
5. b. Pine white sand.
c. Lilac-coloured sandstone, not very compact. Lignitic.
6. Thick mass of false-bedded sand, with thin pebble-bed at
base.
7. Very thick buff-coloured sand.
8. Chalk.
A comparison of this section with that at Croydon will show
that the general order of succession is practically the same. The
principal difference is that the mottled clay is here replaced by
otber beds, included nnder 5. It is useful to notice the persistence
of the lilac-coloured sandstone in passing. This bed, which is
lignitic in places, is met with in the same position many miles
from Upnor, and serves as a gnide in working out the sequence.
It has been seen in sitl1 near Green Street Green (on the Swans-
combe Park outlier, about half way between Erith and Upnor) ; on
the Cobham outlier j near Sittingbourne, and at many other places,
some of which will be hereafter mentioned. There are very few
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sections of any importance between ITpnor and Boughton-under-
Blean, five miles west of Canterbury, except near Sittingbourne,
where beds 2, 3, 3a, 4, and 5 are seen, presenting nearly the same
features as at Upnor.
Canterbury District.-The sections at Boughton are not so easily
disposed of, and it will be seen that I differ from previous observers
in the explanation of the divisions into which the beds should be
placed. Beds 2 and 3 occur, but not quite as at Upnor. In a pit
near the 50th milestone on the London road ;« a series of sandy clays
of a dark colour occur, cut up by frequent thin beds of whitish-
yellow and green sand (causing the sandy clay to assume lenticular
shapes in some places). The base of this bed is very dark, almost
black, and ferruginous, and rests on a bed of greenish-brown sand.
The general appearance of this bed is such as to suggest that it is
the equivalent of the blue clays, with broken shells and thin,
sandy streaks (4) at Upnor. This does not hitherto appear to
have been recognized, and the result is that the bed has been
placed higher in the series than is the bed 4 alluded to at U pnor.
Its position, with reference to underlying beds, is exactly the same
in the Boughton and Upnor sections. For instance, 5 a, b, and c
occur, and are very easily recognized, the lilac-coloured sandstone
being present. Between 5 band c a very thin pebble-bed occurs.
Beds 6 and 7 are seen farther down the road, and the whole succes-
sion is proved by many sections near the outcrop of the main mass
of Lower Tertiaries.
We next come to Oanterbury, where we find bed 2, a light buff
sand, rather ferruginous at the base (the remains, perhaps, of 3a),
and with a thin Led of small pebbles. Bed 4 is very ferruginous
and sandy. Beds 5 a and b have nearly thinned out, there being
only slight indications of 5b, and the thin pebble-bed which occurs
at Boughton between 5 band c is also present, and contains pieces
of the lilac-coloured sandstone, 5c. Beds 6 and 7 are as usual,
but a bed of argillaceous matter is found at the base of the latter.
This we will call 7a.
Herne Bay District.-The next section claiming our attention is
the finest exposure of the Lower Eocenes in the London basin, viz.,
between Herne Bay and Reculvers. We there find that bed 1 is
* See' Mem. Geol. Surv.,' Vol. iv, Part I, p. 267.
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present in force, with a few pebbles, and much lignitic matter at
its base, as usual. Bed 2 is well developed, whilst 3 and 3a, as
might have been exp ected from th e foregoing remark s, have dis-
appeared. Bed 4 is pr esent, perhaps, in the shape of a thin deposit
of clay and sand , much iron-sta ined as usual, whilst th e pebble-bed
below it (in 5) has thickened out . This pebble-bed is much divided
up in places by lenticular patches of sand, and both it and bed 4
are liable to vary in thickn ess. Beds 6 and 7 are clearly shown,
and 7a occurs in a well-section at Reculvers. At Pe gwell Bay we
get 7 and 7a in a good exposure.
We hav e now roughly described th e beds which occur between
the London Clay and the Chalk, from Hun gerford to th e east of
Kent. It now remains for me to say a few words respecting the
exposures of th ese beds in Hertford, Suffolk , and Norfolk. There
are some very good sections about Watford, and the gen eral
sequence, although not strictly comparable, is like th at in the
western part of the basin (see P: 42) , viz., a mottled clay between
two beds of sand, clay, and shingle. I have not seen the exposures
in Suffolk and Norfolk . Much of th e beds is covered up by newer
deposit s. It is int eresting to note that tb e officers of the
Geological Survey, however, have described in th e neighbourh ood
of Ipswich the true mottled clay, with sand, &c., both above and
below it, in many sections, the prin cipal of which, perhap s, is to th e
north of Bramford Station.* The sands above the mottled clays
genera lly appear to be very well develope d, and contain pebbles in
this district.
We have now to consider briefly the palseontology of th e different
beds. Taking th e western part of th e basin first, we shall find
that 4 (p. 42 ) is decidedly mar ine in character. It contains
hard ly anything but marine fossils, and these, with th e exception
of Ostrea and sha rks' teeth , are rare. In the vicinity of E psom
certain of tbe beds comprised within it contain tub e-like markings.
Anyone familiar with tile " tubes of annelids," found in such great
abundance in th e Belgian Lower and Middle Eocenes, will have
no difficulty in rec ognizing them as such . Bed 6, in the Croydon
and Upnor sections, is a further development of this bed 4, and,
as will be rememb ered, the same bed (6) is found at Herne Bay.
* .Geol. of I pswich, Hadl eigh, and Felixstow,' by W. Whitaker, B.A.,
F.G.S., &c. (1885), p. U .
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Throughout its extent it is marine, being in the last mentioned
section replete with fossils, especially at th e base, and no donbt
can possibly creep in as to its origin . We may mention that
exactly the same may be said of bed 7, which is very fossiliferous
at P egwell Bay, Herne Bay, and Upnor, and in which one or two
marine shells have also been obtained from Erith * and Charlton.
Retracing our steps to Reading, we find t hat bed 3 (p. 42) contains
a fine flora at its base. So far as I am aware, no other fossils have
been obtained from th e mottled clay, so we have only to judge of
its origin from the character of the deposit. It is generally
admitted to be of fresh-water origin. The blue clays, bed 4, from
Croydon to Upnor contain mostly fresh-wat er and estuarine
fossils, such as Cyrena, Cerithium (Po tamides) , Paludina, Melania,
&c. A few stray marin e genera creep in, and a thick oyster bed is
a common feature. The fossils, no less than the character of th e
beds, lead us to believe that they were deposited in the estuary of
a river, where th e sea and fresh water alternately gain ed the
ascendancy over each other. A point t o which I would particul arly
draw attention is that what I believe to be bed 4 in the section at
Boughton-under-Blean (p. '15) has produced a rather more than
usual abundance of marine shells. t 'Ve still find the estu arine
Melania , Cerithium, Cyrena, &c., but they are accompanied by
such well-known marine genera as Aporrha is , P yrula, A starte,
Cardium, Corbula, Cyprina, Cytherea, Panopcea, &c. It would,
th erefore, appear th at as the bed 4 goes eastwards it becomes less
argillaceous and more marine in character. At Herne Bay this
bed, like t he pebble-bed below it , contains only sharks' teeth.
The blne clays referred to arc distinct from the mottl ed clays in
point of age, th at is to say, they do not coalesce, as might be
thought at first sight. This is proved by th eir respective floras,
that of th e former being of a younger type (approaching more to
th at of the London Clay) than the latter. Whatever difficulties
there may be in separating th ese two series of deposits at any
particular place, this conclusive evidence is not thereby affected.
* On the occasion of the excursion to Plumstead, on the 16th July, 1887,
und er the direc tion of Mr. Goodchild, Borne Members of the Associati on were
for tunate enough to discover th e shells or casts of Mod iola, Pectuncuius,
Cyprina, Cytherea, Card ium, and Ostrea in this bed at Plumstead Station,
t See Prestwich, • Q. J. G. S.,' Vol. vi (1850), p. 264.
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The pebble-bed at Croydon (3) , and its equivalents in the Charlton
(3 ) and Upn or (3) sect ions, contain fossils which are practically
th e same as th ose of bed 4. It is tru e that a few more marine
type s are found in it tha n in bed 4, yet anyone who has worked in
th e two beds is aware of the fact that the general facies of the one
is exactly that of th e other- C.ln'ena, M elania , and O SI1'i3a being
the common fossils in both.* Both beds get more marine in
character as th ey go east wards. A point of interest is that in th e
Upnor section th e pebble-bed is rath er weakl y developed. In
some parts of the section, indeed, it is alt ogether missing,
and I believe it practically disapp ears before getting to Ea st
Kent , a few scattered pebbles only being developed. At Hern e
Bay bed 2 contains hardly any hut marin e fossils . I have
found CY1'ena cuneiformis, however, from it, in th e collection of
Mr. W. J. Abbott. With refer ence t o the bed of sand with clay
partings, found immediately un der th e London Clay at Croydon,
Lewisham, and Bromley (bed 2), it contains a flora, which, so far
as is known, is int ermediate between th ose of the blue clays and the
London Clay. The only beds with which we have not now dealt from
a palroontological point of view are th e sands and shingles forming
bed 2 (p . 42) in th e western part of th e basin. So far as is
known, th ese are marine in origin . E stuar ine species have been
found, but ar e exceedingly rare. Immediat ely under the London
Clay the beds ar e somet imes very fossiliferou s, being decidedly
marin e. One is inclin ed to think, however, from th eir int.imate
associat ion with th e mottl ed clays. th at some of th e sands just
above th e clays are of fresh-wate r orig in, or at least estuarine.
W e will now endeavour to show how the beds between the London
Clay and th e Chalk have been correlated. In doing- so, we will
chiefly cons ider the views of Prof. P restwich, Mr. Whitaker, and
Mr. Gardn er. The first-ment ioned observer, as before stated,
laid the foundations of the study of these Lower E ocenes, and
th e mann er in which he divided the beds, as contrasted by the
later classification of Mr. Whitaker, may be conveniently expressed
by the following table ;-
'" It may here be mentioned that 1\11'. Searles Wood (' Mon. Pal. Soc.
Eoc ene Mollusca , Bivalv es,' Sup plement) calls in to ques t ion the existence
of Cyrena britannica, Sow ., as he had never see n the she ll. Mr . J as, T.
Day bas obtained n per fect specime n, whil st I ha ve found four fragmen ts
of it in the sa nd a t the base of th e pebble.bed (3) a t Charlton.
Mr. Whitaker,
1866.*
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Prof. Prestwich,
1850-54.
London Clay. Clay.
(l'l (a. Thin pebbly loam, &c., of the"I.., ,
.g , western part of the London Ter-! g . !~ tiary District. r ~ J ~
~ I b. Thin clayey pebble-bed of Lewis-J ii'l J
i ham, &c.~ .;. c. Highest sands of Upnor, the Reo" ~ "I~0, cui vel'S, &c., with pebbles at the ~ I
.., bottom. ii:i ai
a ~S d. Part of the sandy pebble-bed of "'"~ Kent (Blackheath, Abbey Wood, r -!~
ii'l l Shottenden Hill, &c.). I § ~
f .. "(e. Part of the sandy pebble-bed 0 I ~..l'l I
I West Kent (Sundridge, Dear '"Bromley). J isIf· Sands, shell-bells, mottled clays" ~ r
I lower pebble-beds (unfossiliferons 1;0 Iand local), and pebbly green ~~I sands of West Kent, and part of I : 00
East Kent. r § iJ I
Ig. Mottled plastic clays, sands, doc., I ..l'l P=lof the western part of the Lon-I'~ II don Tertiary District and sands g
l of East Kent. J is=: ,
Thanet} , & {TbanetlSands. f •• Sands, sandy marls, c., &c. Beds. J
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London
Clay.
Lower
London
and
Kentish
Tertiaries.
Mr. Whitaker, as will he seen, created a new name (or names),
the OIdhaven and Blackheath beds,t out of part of Prof. Prest-
wich's Basement Ded of London Clay and part of his Woolwich and
Reading Series. His reason for so doing was his belief that the
OIdhaven and Blackheath beds were both stratigraphically and
palreontologically capable of separation, as a distinct series of
deposits from the other beds. The irregularity of the Blackheath
pebble-bed, which, he states, often cuts through several members
of the underlying Woolwich and Reading Series (examples being
cited from Greenwich, Bromley, Abbey Wood, &c.), lead him to
think that an unconformity exists between that pebble-bed and the
underlying series. He also believed that the sands below the
•• Q. J. G. S.,' Vol. xxii, cited in Phillips' 'Mannal of Geology,' by
Robt. Etheridge, F.R.~. (1885), p. 607.
t •Quart. Joum. Geol. Soc.,' Vol. xxii, r. 412.
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London Clay at Herne Bay, &c. , showed an assemblage of fossils
distinct from tho se of either the Woolwich and Reading beds or the
London Clay. A deposit of sands with clay partings at Bromley,
which contains leaf-beds, was considered of fresh-wat er origin j and
the pebble-bed, with estuarine fossils, at Charlton, and the marine
sands of Herne Bay just alluded to, were all comprised in his
Oldhaven beds. The Oldhaven and Blackheath Series were, th ere-
fore, of fresh-wat er, estuarine, and marine origin. He thought
that the pebble-bed in the series was formed, not on a mainland
beach, but a little way out at sea. He also says th at the W ool-
wich beds sometimes lie on eroded surfaces of the Thanet beds,
that the upper members of th ese Lower Tertiaries often overlap
the lower ones, and that there is no st ratigraphical unconform-
ability between th e Thanet beds and the Chalk. The lowest
member of the Than et Series, he says '*' is the bed containing the
unrolled green-coat ed flints, which is remark ably persist ent
throughou t the basin, and he believes that it may have been formed
after the depositi on of the beds above by the dissolving away of
the Chalk by percolating water and the consequent lonving behind
of it s contained insoluble flints. Prof. McK enny Hu ghes t and
others have written also on this subject . Mr. Whitaker is also of
opinion that th e W oolwich and Reading strata are so intimately
associated with each other that it is impossible to separate th e two
series.
Mr. Gardner, on the other hand , maintains t that the Oldhaven
beds of East Kent should be added to the London Clay, being
merely a lower member of the latter Series, as was implied by
Prof. Prestwich's name for them C" Basement-bed of London
Clay") . The most remarkable thing, however, is that Prof.
Prestwich brackets his " basE'ment-be d" not with the London
Clay, but with th e beds below to form the "Lower London
Tertiaries." Mr. Gardner says that " We see by the Survey list
of fossils § th at tbe fauna (of the Oldhaven beds) was intermediate
between those of the London Clay and the Thanet beds, for only
two species are now not known t o range beyond it j seven of the
species range downward only, 12 range both up and down, and
13 range upward only ; so that it is unit ed by 75 per cent. of its
* .~lem. Geol . Surv.,' op. cit. , p. 56.
t •Q. J . G. S.,' Vol. xxii, p. 402.
t • Quar t, Journ. Geol. Soc.,' op. cit .
§ •Mem. Geol. Surv .,' op. cit., Vol. iv, p. 579.
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species with the London Clay and by 50 per cent. with the Thanet
beds." The part of the classifications of Prof. Prestwich and Mr.
Whitaker to which Mr. Gardner takes the most serious objection,
however, is with reference to the bed immediately above the Thanet
Sand of those observers. It is the bed which I have numbered 4
in the western part of the basin (p. 42) and 6 at Croydon,
Upnor, and Herne Bay, and is called the" Bottom-bed" of the
Woolwich and Reading Series by Mr. Whitaker and others. As
has before been stated (p. 47). this bed is marine throughout its
extent from Hungerford to Herne Bay, whilst the remaining part
of the Woolwich and Reading Series, above it, is either fluviatile or
estuarine. Both Prof. Prestwich and Mr. "Whitaker agree that it
is difficult to separate this "bottom-bed" from the Thanet beds
in the east of Kent, but, on the ground that it lies irregularly on
the Thanet, and is distinct from it lithologically in so many places
in West Kent and in the London area, they think it should be
classed with the Woolwich and Reading Series rather than with the
Thauet, Mr. Gardner, however, is of opinion that, being of
marine origin, like the Thanet beds, being so closely allied with the
latter palreontologically, and the bases of separation, as defined by
previous observers, being so slight, this" bottom-bed " should
be classed with the Thanet beds. He says * that "Of 57
specifically determined bivalves of the Thanet Sands 13 pass into
the so-called marine division of the Woolwich and Reading beds,
while of 12 bivalves from the latter only two-Cat'dium Lay toni,
Morr., and Teredo antenautce, Sow.-do not pass down into the
Thanet beds. If the Survey list is accurate there is thus no
marked paleoontological break in the marine series." Mr. Gardner
also thinks that the Reading beds (mottled clay, &c.) can be
distinguished from the Woolwich (blue clays, &c.) by means of
their floras, there being no data furnished for comparison of
their faunas, as the mottled clay contains no other fossils than
plants. He believes that there is an unconformability between the
Chalk and the Thanet beds, as "even the highest Chalk must
have been greatly denuded before it was compressed into a solid
rock; " that in pre-Thanet times, where the water was shallow
enough to permit the growth of sea-weed on the Chalk, sediment
would ultimately be deposited on such a sea-weed covered surface,
and that this imbedded vegetable matter may well account for the
* Op. cit., p. 205.
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peculiar character of the blackish-green mud-like sediment in
which the green-coated flints are found. This bottom bed, he
observes, might, of course, belong to a very much older period
than the rest of the Thanet beds.
We will now examine the various points that have been raised.
To begin with the bed immediately above the Chalk (the bed of
green-coated flints, &c.). I do not see how it can be classed with
the Thanet beds, because inasmuch as the bed with flints is
generally admitted to have been formed subsequently to the
deposition of those beds by the action of percolating water on the
Chalk containing the flints, it cannot possibly-if this theory be the
correct one, and I think it is-be wholly of Thanet age. There is
no reason why the bed of green-coated flints should not be forming
even at the present day. I believe that it should be classed with
the Cretaceous beds below. It is merely a case of the abstraction
of certain portions of a deposit in a manner similar to that which
has removed fossil shells and calcareous matter glCneml1y from
many portions of the Thanet (and other deposits). In such a case
the Thanet beds would still remain of Thanet age after such
abstraction had taken place. There would be no ap1'iori reason
for placing the Thanet beds with any overlying series, simply
because of the abstraction of a certain amount of lime. So also
with these green-coated flints; the only difference being that a
greater quantity, perhaps, of lime has been removed. It would be
a different matter if the flints were the products of denudation.
With regard to the green clay, &0., it appears to me to be largely
the particles of impurities, &c., brought through the sand by the
action of water, which on arriving at the Chalk was filtered, and
so the particles were left behind. Some of it may be, and most
probably is, the remains of insoluble matter, other than fiint, which
was contained in the Chalk itself. Moreover, such green clay. &c.,
is not present in any appreciable quantity in many sections show-
ing the junction of the Chalk with the Thanet, although the
green-coated flints almost invariably are. I do not include the
bed numbered 7a (p. 45) in these observations. This may be
regarded as the oldest Eocene bed in the London basin, so far as
we know at present.
Coming now to the question of the correlation of the "bottom-
bed" of the Woolwich and Reading Series of Prof. Prestwich and
Mr. Whitaker, I am almost entirely of Mr. Gardner's opinion that
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it should be removed from that series and placed in the Thanet
beds, for the same reasons which he has advanced. There is only
one suggestion which I would make, viz., that as the upper part of
this so-called "bottom-bed" contains carbonaceous matter,
especially at Herne Bay, it may be the representative of the bed
numbered 5c at Upnor (see p. 44). It is in a corresponding
position. If this be so, it is the equivalent of the mottled clay in
the Herne Bay section.
The next point to which attention may be drawn is the correla-
tion of tbe blue clays (4) in the Upnor section with the black
ferruginous sandy-clays with sand partings in tbe Boughton-
under-Blean district.
Every observer, so far as I am aware, agrees that the bed
numbered 4 in the Croydon, Charlton, and Upnor sections is the
Woolwich blue clay with fossils. After passing Upnor, however
(going eastward), they assert that this blue clay dies out, the last
place in which it is seen being in the neighbourhood of Sitting-
bourne. If this were the case it would not, of course, reach
Boughton, as 1 have suggested. The bed numbered 4 in the
sections of the last-mentioned district, and which I believe to be
the eastward extension of this blue clay, is included in the base-
ment bed of the London Clay by Prof. Prestwich," and in the
Oldhaven beds by Mr. Whitaker; t though it is difficult to see on
what grounds. Everybody admits that there is a general tendency
of the Lower Eocenes of the London basin to become more
marine in character as they go eastwards; and I regard the black
ferruginous clay and sand alluded to, as the more marine equivalent
of the estuarine blue clays further westward. The bed at
Boughton, as previously stated, still contains a large proportion
of estuarine fossils mixed with marine. Not only is the
palreontological evidence in favour of this view to a slight extent,
but the lithological character of the deposit, and its position
with reference to under and overlying beds are so also. It is
true that the ferruginous clay is rather more arenaceous
in some sections than in others, yet its argillaceous character is
not obliterated, but, on the contrary, is well marked in some of the
sections. As we have already seen (p. 45), the position of this
ferruginous clay and sand, with reference to the sands and lilac-
* .Q. J. G. S.,' Vol. vi (1850), p. 264.
t I Mem. Geol. Burv.,' Vol. iv, pt. 1 (1872), pp. ~66 8.
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coloured sandstone below, is identical in both the Upnor and
Boughton sections. Its horizon is, therefore, clearly shown.
The ferruginous bed in question can be traced at intervals along
the southern outcrop of the main mass to Oanterbury, and is found
at the latter place in the same position. The succession is equally
clear at Herne Bay. It has also been shown (pp, 45-6) that the
pebble-bed found below it at Herne Bay can be recognized also at
Boughton and Oanterbury. This pebble-bed bears no relation, I
believe, to the pebble-bed (3) at Upnor, or the equivalent bed in
the Charlton and Oroydon districts. I differ on this point from
previous observers, and my reasons are quite obvious from what
has been said respecting it.
We now come to the consideration of the alleged unconform-
ability of the pebble-bed on Blackheath to the beds on which it
lies, examples of the irregularities of its occurrence having been
cited (p. 43). It will be remembered that the creation of the
Blackheath series is largely dependent on the value of the evidence
afforded by this pebble-bed j and it is, therefore, of the first im-
portance that the question of whether there is, or is not, an uncon-
formability should be inquired into. It may here be mentioned
that quite recently Mr. J. G. Goodchild* has strongly advocated
the existence of a stratigraphical break between the Woolwich and
Reading Series and this pebble-bed. He furthermore (in common
with others) considers that the paleeontological break between the
Chalk and the Thanet beds is not so great as has generally been
supposed. With this last remark I am rather inclined to agree,
because it is obviously unfair to compare the fauna of a limestone
with that of a sand. The fauna of the Thanet beds ought strictly
to be compared with that of the Upper Greensand, but the latter is
so far removed by reason of the interposition of the Chalk that it
is difficult to realize this, whilst the evolution and migration of the
species has been such as to render the comparison somewhat un-
fruitful. At the same time, although we may believe that the
palseontological break at this point has been overrated, it is quite
marked enough to enable us to draw a line between the Chalk and
the Thanet, in preference to any other horizon, to separate the
Secondary from the Tertiary beds. We have already seen that
there is other evidence indicating an unconformability between the
two formations alluded to, and if anything further is desired it is
* 'Proc. Geol, Assoc.,' Vol. ix, pp. 213-214.
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only necessary to point to the beds deposited in Belgium, close by,
between the equivalents in that country of our highest Chalk and
our Thanet beds. We sha11 then find that the Maestrichtien,
Tufeau de Ciply, &c., and Calcaire grossier de Mons were deposited
in the interval. Surely, the evidence is conclusive enough.
And now as to whether the Blackheath pebble-bed is uncon-
formable or not to underlying deposits. In considering a ques-
tion of this nature, we have, in the first place, to be quite sure
that weare dealing with a pebble-bed the exact horizon of which is
known. Now, can the horizon of the pebble-bed stretching from
Greenwich by Blackheath to Plumstead and Erith be correctly
ascertained? We must remember that the bed alluded to lies
mostly at the surface, and it is in this position that it chiefly
presents the phenomena of cutting into other beds. In many of
these cases it is unfossiliferous, and in others it appears to me that it
is impossible to fix its exact horizon. It is generally assumed by
the surveyors that the pebble-bed occurs below their" basement
bed of the London Clay," and in some cases this may be cor-
rect. It will be as well to point out, however, that pebble-beds.
occur. on other horizons in these Lower London Tertiaries in
the same district as that now under consideration, and that
it is not at all times clear which of these pebble-beds crop out
on the hill-sides, though such, on coming to the surface, are
generally recognized as the Blackheath pebble-bed. At least
three different pebble-beds are found in the strata hereabouts, the
first being immediately at the base of the London Clay as at Loam
Pit Hill, Lewisham; the second in the sand with clay partings
above the blue clays; '*' and the third at the top of the Thanet beds
in the Loam Pit Hill section.] Whether all the surface pebble-beds
were formed in the Lower Eocene period is also a moot question.
Pebble-beds of a similar nature do occur in the Bagshot and sub-
sequent deposits. Another element which creeps in is as to how
far some of the shingle has been slightly shifted by various agencies
in recent times. Many of the pebble-beds between Greenwich and
Erith suggest this, and they lie at suspiciously high angles on the
hill slopes. But even supposing that the assumed horizon of these
surface pebble-beds is the correct one, and not open to doubt as I
have suggested, I cannot think that the mere circumstance of an
• Well developed in a section over the railway tnnnel at Charlton.
t · Mem. Geol. Burv.,' op. cit., p. 127, beds 10 and 11.
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estuarine pebble- bed having cut its way through a few feet of
deposits, and resting irregularly on another and lower deposit, is
sufficient grounds for showing an unconformability. The very
action which brought a pe bble-bed to the spot nt all, would have
been quite capable of scooping out such light sandy materials. It
might be otherwise if we were dealing with a series of purely
marine beds. The deposits under consideration, as pointed out, are
estuarine in origin, and are regarded as the delta of an enormous
river. Everybody is aware of the irregularities of river and estuary
deposits, which are largely dependent in their development on the
velocity of the stream at different periods. Heavy rainfalls in the
river-basins are powerful agents in effecting these changes. Is it
because a very rainy season renders the river suddenly more tur-
bulent than ordinary, and causes a rather abnormal amount of
irregularity in the deposits; or because the silt chokes up one of
the mouths of the river so that it eventually bursts through in a new
place, or enlarges a little-used channel, that the result is an uncon-
formability, and one, too, of such magnitude as to involve the
creation of a distinct geological formation? A study of the works
issued in recent years by the United States Geological Survey *
soon convinces us of the character and appearance presented by the
deposits of rivers and lakes of great magnitude; and if an uncon-
formability were to be drawn at every such irregularity there would
be endless confusion. In some cases, no doubt, where palreontology
demands it, such a break may be conveniently made, but in the case
of the Blackheath pebble-bed now before us there is no such
demand. The fossils are almost identical with those of the W 001-
wich and Reading Series below, and there is, therefore, no reason
for separating the two deposits from each other.
Turning to the Oldhaven Sand of Mr. Whitaker. We have
seen that palreontologically it is intermediate between the Thanet
beds and the London Clay (sec p. 50), and have also seen its posi-
tion with reference to the black clays. I should not have much
hesitation in correlating it with the London Clay, as does Mr.
Gardner, except that no passage bed is observable in the Herne
Bay section, where they are best examined. On the contrary,
the base of the London Clay is very lignitic at that point,
and is sharply marked off from the sand alluded to. All these
things tend to show that there is no gradual passage between
* e.;., 'Mon. U. S. Gaol. Surv.,' Vol. xi (1885).
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the sand and the clay, as should be the case if this sandy bed is to
be regarded as an integral part of the London Clay formation. At
the same time I do not apprehend that there is a break of any im-
portance; but, as both the palreontological ann stratigraphical
evidence seem in favour of it, we may class this bed with the
Woolwich and Reading Serios ;* and I believe it is, therefore,
together with the argillaceous and pebble-beds below, the marine
representative of that series in East Kent. The only divisions of
the Lower Eocenes, therefore, that seem to me admissible in the
London basin are :-
1. London Clay.
2. Woolwich and Reading Series.
3. Thanet Series.
With regard to the Lower Eoccnes of the Hampshire basin, we
know so little about the lowermost members that it is safe to adhere
to the present nomenclature, though the sand resting on the Chalk
in some places suggests the occurrence of the Tbanet Sand in that
area. vVe find that the London Clay is present in force, that the
so-called" Oldhaven and Blackheath " beds are missing, whilst
the mottled clay is exceedingly well developed.
Mr. Gardner's masterly researches in the Lower Eocenes of the
Isle of Mull have been so recently recorded at the Geological
Society that his paper is not yet issued to the public.] It would
be superfluous for me to mention more than that he has demon-
strated, from a careful study of the fossil plants imbedded between
sheets of basalt, &c., in that island, that Eocene beds are present,
and that some of them, indeed, are older than the Thanet beds of
the London basin. This is by far the most important addition to
our knowledge of this period which has been made in recent
years.
The same observer has also shown that Lower Eocene beds exist
in Antrim, in north-east Ireland; and I would refer to his memoirs
" On the Age of the Basalts of the North-east Atlantic" (' Proc.
Belfast Nat. Field Club.' Ser. ii, Vol. ii, Part IV, 1883-4); "On
the Evidence of Fossil Plants regarding the Age of the Tertiary
Basalts of the North-east Atlantic" (' Proc, Roy. Soc.,' No. 235,
Dec. 18, 1884); and on "The Lower Eocene Plant-beds of the
• The possibility of this being the case was, I find, suggested by Prof.
Prestwich, 'Q. J. G. S.,' Vol. x (1854), p.I30.
t Since published, 'Q. J. G. S.,' Vol. xliii, Part II, May, 1887.
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Basaltic formation of Ulster" (' Q. J. G. S.,' Vol. xli, 1885, p. 82)
for further details. The beds are chiefly of the age of the Heersien
beds of Belgium, which, as I have elsewhere attempted to show,*
are of the same age as the lower part of our Thanet beds. We
may look forward with interest to the further investigation of these
Irish and Scotch Eocenes.
ORDINARY MEETING.
FRIDAY, APRIL 1ST, 1887.
F. W. RUDLER, F.G.S., Hon. Sec. Anthrop, Inst., President,
in the Chair.
The donations to the Library since the previous meeting were
announced, and the thanks of the Association accorded to the
various donors.
The following were elected Members of the Association :-
Captain W. Ashby; A. Cates; J. W. Dale j H. G. Erith;
Rev. E. Hill, M.A., F.G.S. j H. E. Jones j H. W. Sich.
The following paper was then read :-
, On the metamorphosis of basic igneous rocks.' By J. J. IT.
Teall, M.A., F.G.S.
The paper was illustrated by lantern slides (many of which were
photographs taken by Mr. Barrow) and by hand specimens.
THE METAMORPHOSIS OF BASIC IGNEOUS ROOKS.
By J. J. HARRIS TEALL, M.A., F.G.S.
An igneous rock may be said to attain individuality at the time
of final consolidation. Many minerals which enter into its com-
position may have been formed previously, but the birth-time, so to
speak, of the rock is the time when the last portions of molten
matter solidify. So long as the rock remains subject to the con-
ditions which prevailed at the moment of final consolidation, it is
in a state of stable equilibrium. These conditions do not, however,
remain constant, as a rule, for any considerable length of time, and
accordingly we find that the rock in adapting itself to the changed
conditions, or, in other words, in adapting itself to its environment,
undergoes important modifications in structure and composi-
tion. As we examine it, the rock is not in its original condition;
it has been more or less metamorphosed.
* 'Geol. Mag.,' Dec. 3, Vol. iv (1887), p. 108.
